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Abstract—Metocean regional models of the Mediterranean Sea, 
the Gulf of Mexico and the Persian Gulf have been developed as 
part of the SmartWave project, funded by Regione Sicilia. The 
models, which use state of the art, multipurpose finite element 
hydrodynamic model TELEMAC [1][2] allow generation of 
metocean information with an unrivalled level of spatial and 
temporal resolution, enabling accurate determination of 
metocean climate at both regional and local scale. 
I. THE SMARTWAVE PROJECT 
Sustainable development is the strength of the Blue 
Economy: it drives opportunities and pushes funds to invest 
in social and financial growth as well as productive activities 
on a global scale. All this translates into the need to use state-
of-the-art tools and up-to-date, reliable and high-resolution 
data. In this context, the SmartWave project, funded by 
Regione Sicilia, has developed an advanced modelling 
framework to provide decision-makers with reliable and 
accessible management tools. 
The tools available in SmartWave are developed as part of the 
technological chain that supports the planning and 
management of Blue Economy’s most important sectors’ 
needs, such as: management, protection and development of 
the marine environment; products and services for maritime, 
coastal and offshore engineering; risk assessment, 
management and mitigation; renewable marine energies and 
site prospections; logistics and transportation; fisheries and 
recreational activities.  
This paper presents metocean regional models of the 
Mediterranean Sea, the Gulf of Mexico and the Persian Gulf 
developed as part of the SmartWave project. The models are 
described in Section II and the mesh set-up illustrated in 
Section III. Model predictions have been calibrated and 
validated using extensive datasets of direct (field) and indirect 
(satellite) measurements and compared with predictions by a 
selection of some among most established global and regional 
models. 
II. REGIONAL AND GLOBAL MODELLING 
A. General overview  
Constant advance in computational power and efficiency 
has enabled modelling of metocean processes at global scale 
with increasing accuracy and spatial/temporal resolution. 
While a full review of the state-of-the-art global models is 
outside of the scope of this paper, a brief overview of some 
among the most established models is useful to set the context 
within which the development is happening and is therefore 
given in what follows. 
B. Climate models 
For what concerns metocean data, a wide set of databases, 
catalogues and models are developed by international 
institutions and organizations that provide metocean climate 
information at both a global and regional scale. The following 
list shows a selection of these datasets (not exhaustive); it 
includes: 
• ERA5 [4] dataset by the European Centre for Medium-
Range Weather Forecasts (ECMWF) is the fifth 
generation ECMWF reanalysis for the global climate and 
weather; it combines model data with observations from 
across the world into a globally complete and consistent 
dataset using the laws of physics; it provides wind over 
the entire globe at a spatial and temporal resolution of 
~ 0.25° (~ 25km) and 1hrs, respectively; 
• CFSR [5] by National Center for Atmospheric Research 
(NCAR) is a third generation reanalysis product; it is a 
global, high resolution, coupled atmosphere-ocean-land 
surface-sea ice system designed to provide the best 
estimate of the state of these coupled domains over this 
period.; it provides wind over the entire globe at a spatial 
and temporal resolution of ~ 0.25° (~ 25km) and 1hrs, 
respectively; 
• COSMO [6] by the German Meteorological Service 
(DWD) is a high-resolution reanalysis system based on 
the NWP model COSMO; it provides wind over 
European regions at spatial and temporal resolution of 
~ 0.055° (~ 6km) and 15min for 2d field data, 
respectively; 
• TPXO [7] by Oregon State University (CEOAS) is a 
global, regional and local model of barotropic tide, 
obtained with the software package OTIS (OSU Tidal 
Inversion Software); it provides complex amplitudes of 
MSL-relative sea-surface elevations and 
transports/currents for eight primary (M2, S2, N2, K2, 
K1, O1, P1, Q1), two long period (Mf, Mm) and 3 non-
linear (M4, MS4, MN4) harmonic constituents (plus 2N2 
and S1 for TPXO9 only). 
C. Bathymetric data 
Global and regional topo-bathymetric databases mapping 
the bottom of the oceans and the orography of lands are made 
available by national and international institutions and 
organizations. The following list shows a selection of these 
databases (not exhaustive); it includes: 
• GEBCO [8], General Bathymetric Chart of the Oceans, 
operates under the joint auspices of the International 
Hydrographic Organization (IHO) and the 




Intergovernmental Oceanographic Commission (IOC) 
(of UNESCO); it provides gridded bathymetry data 
which covers lands and oceans around the whole globe 
with a resolution of ~ 0.004° (~ 460m); 
• EMODnet [9], European Marine Observation and Data 
Network; it provides bathymetry data which covers lands 
and oceans mainly around Europe and Northern Africa 
with a resolution of ~ 0.001° (~ 110m). 
III. METOCEAN PREDICTION MODELS 
Three different metocean regional models (Figure 1, 
Figure 2 and Figure 3) have been developed to simulate wave 
climate of the Mediterranean Sea, the Gulf of Mexico and the 
Persian Gulf. The models use state of the art, multipurpose 
hydrodynamic modelling suite TELEMAC [1][2] (including 
TOMAWAC and TELEMAC2D), which is capable of 
resolving various metocean processes at different scales [3]. 
 
 
Figure 1. Meshing of the regional model of the Mediterranean Sea. 
 
 
Figure 2. Meshing of the regional model of the Gulf of Mexico. 
 
 
Figure 3. Meshing of the regional model of the Persian Gulf. 
IV. MODEL SET-UP 
A. Atmospheric forcing  
Sensitivities have been performed with respect to model 
setup and input parameters to determine an optimum model 
set-up for use in both hindcasting and forecasting mode. The 
use of different atmospheric data to force the model has been 
assessed to determine the best performing setup. 
B. Bathymetric features  
A good compromise has to be made between the accuracy 
of the model and its efficiency. The size of the elements has 
been determined by means of a set of functions inferred, 
among other parameters, from the local value of the 
bathymetry and the distance from the shore. The bathymetric 
input data adopted for the numerical models have been 
derived from the most up-to-date and informative databases 
available. 
C. Meshing 
As a certain range of different physical processes like 
waves are modelled for the purpose of the project, an 
unstructured mesh that would be able to resolve all of these 
processes was generated. The triangle mesh has an adaptive 
resolution, and the size of the triangles depends on the 
features of the bathymetry and the coastlines. 
The modelling of wave transformation processes and of 
water level fluctuations has been carried out on the meshes of 
the Mediterranean Sea, Gulf of Mexico and Persian Gulf, 
presented in Figure 2 and Figure 3, respectively. 




V. CASE STUDIES 
Numerical simulations have been performed to prove the 
capability of the SmartWave framework to derive metocean 
parameters to serve the Blue Economy sectors in different 
regions of the world. 
A. Mediterranean Sea 
In order to calibrate and validate the capability of the 
framework to predict wave and tide of the Mediterranean Sea, 
waves and tides measurements from the directional wave 
buoy networks of Italy RON and levels stations RMN, 
managed by ISPRA, and wave data from CANDHIS network, 
managed by the French Centre d'Archivage National de 
Données de Houle In-Situ, have been used (Figure 4). 
An example comparison with measurements is shown for 
the period from January 2013 to May 2013. The model has 
been forced with different wind input (i.e. ERA5 and 
COSMO) and the results presented in this paper are those 
obtained using the best performing. Wave results are plotted 
against in-situ field data (from Figure 5 to Figure 8). To 
provide a quantitative assessment of the performance of the 
model, the correlation coefficient (R) is also presented in each 
figure. Results have been produced at a higher time resolution 
(30min) and show that the model compares well when 
predicting the wave field.  
  
Figure 4. ISPRA RON and RMN stations adopted to calibrate and validate 
the numerical model (wave buoys and water level stations in red points and 
black points, respectively). Colour contours show bathymetric data of the 
Mediterranean Sea. 
 
Figure 5. Ponza RON buoy measurements (black dots) plotted against 
model results. Top panel: wave height plot. Bottom panel: wave period plot.  
 
Figure 6. Venezia RON buoy measurements (black dots) plotted against 
model results. Top panel: wave height plot. Bottom panel: wave period plot. 
 
Figure 7. Leucate CANDHIS buoy measurements (black dots) plotted 
against model results. Top panel: wave height plot. Bottom panel: wave 
period plot. 
 
Figure 8. Cagliari RON buoy measurements (black dots) plotted against 
model results. Top panel: wave height plot. Bottom panel: wave period plot. 
Results of the water levels modelling at selected points 
along the coast (Figure 4) are shown in Figure 9 and Figure 
10. Plots illustrate tide-and-wind-induced results in terms of 
water level fluctuations obtained using a mesh resolution of 
5km at the coastline. For the Mediterranean Sea, predictions 
are less satisfactory, probably due to the fact that the tide 



















   
 
                      















                      



















   
 
                      















                      





















   
 
                      















                      



















   
 
                      















                      
      




Atlantic Ocean, which requires a larger scale model (see twin 
paper by Saillour et al. 2021). 
 
 
Figure 9. RMN station measurements in Venezia (black dotted line) plotted 
against model results (blue line).  
 
 
Figure 10. RMN station measurements in Trieste (black dotted line) plotted 
against model results (blue line).  
B. Gulf of Mexico 
In order to calibrate and validate both the wave and tide 
model of the Gulf of Mexico, waves measurements from the 
American network “National Data Buoy Center (NDBC)” 
and “Tides and Currents” managed by the National Oceanic 
and Atmospheric Administration (NOAA) have been used, 
respectively (Figure 11).  
An example comparison with measurements is shown for 
the period from November 2015 to May 2016. The model has 
been forced with different wind input (i.e. ERA5 and CFSR) 
and the results presented here correspond to the best 
performing setup. Wave results are plotted against in-situ data 
(from Figure 12 to Figure 15) and the correlation coefficient 
R given.  
Results of the water levels modelling at selected points 
along the coast (Figure 11) are shown in Figure 16 and Figure 
17. Plots illustrate tide-and-wind-induced results in terms of 
water level fluctuations obtained using a mesh resolution of 
5km at the coastline. For the Gulf of Mexico, predictions are 
less satisfactory, probably due to the fact that the tide regime 
within the gulf is driven by the interaction with the Atlantic 
Ocean. 
 
Figure 11. NOAA NDBC buoys adopted to calibrate and validate the 
numerical model (wave buoys and water level stations in red points and 
black points, respectively). Colour contours show bathymetric data of the 
Gulf of Mexico. 
 
Figure 12. NDBC buoy 42012 measurements (black dots) plotted against 
model results. Top panel: wave height plot. Bottom panel: wave period plot. 
 
Figure 13. NDBC buoy 42019 measurements (black dots) plotted against 
model results. Top panel: wave height plot. Bottom panel: wave period plot. 
    
    
    
   
   




   
  
   
  
 
                      
      
    
    
    
   
   




   
  
   
  
 
                      


















   
 
                      
      
    
    
    
    
     









                      


















   
 
                      
      
    
    
    
    
     









                      
      





Figure 14. NDBC buoy 42055 measurements (black dots) plotted against 
model results. Top panel: wave height plot. Bottom panel: wave period plot. 
 
Figure 15. NDBC buoy 42098 measurements (black dots) plotted against 
model results. Top panel: wave height plot. Bottom panel: wave period plot. 
 
 
Figure 16. NDBC station 8760922 measurements (black dotted line) plotted 
against model results (blue line).  
 
Figure 17. NDBC station 9500966 measurements (black dotted line) plotted 
against model results (blue line).  
C. Persian Gulf 
In order to calibrate and validate the wave model of the 
Persian Gulf, waves from the European reanalysis of 
historical data ERA5 have been used (Figure 18).  
An example comparison with measurements is shown for 
the period from November 2015 to May 2016. The model has 
been forced with different wind input (i.e. ERA5 and CFSR) 
and the results presented here correspond to the best 
performing setup. Wave results are plotted against historical 
data (from Figure 19 to Figure 22) and the correlation 
coefficient R is given. 
Results of the water levels modelling at selected points 
along the coast (Figure 18) are shown in Figure 23 and in 
Figure 24. Plots illustrate tide-and-wind-induced results in 
terms of water level fluctuations obtained using a mesh 
resolution of 5km at the coastline. For the Persian Gulf, model 
compares well with TPXO data for which the boundary is 
relatively neatly defined.  
 
Figure 18. Numerical buoys adopted to calibrate and validate the numerical 
model (wave buoys and water level stations in red points and black points, 




















   
 
                      
      
    
    
    
    
     









                      




















   
 
                      
      
    
    
    
    
     









                      
      
    
  
    
 
   
 




   
  
   
  
 
                      
      
   
 
   
 
   
 




   
  
   
  
 
                      
      





Figure 19. Virtual buoy P02 data (black dots) plotted against model results. 
Top panel: wave height plot. Bottom panel: wave period plot. 
 
Figure 20. Virtual buoy P03 data (black dots) plotted against model results. 
Top panel: wave height plot. Bottom panel: wave period plot. 
  
Figure 21. Virtual buoy P04 data (black dots) plotted against model results. 
Top panel: wave height plot. Bottom panel: wave period plot. 
  
Figure 22. Virtual buoy P10 data (black dots) plotted against model results. 
Top panel: wave height plot. Bottom panel: wave period plot. 
 
Figure 23. P00 station data (black dotted line) plotted against model results 
(blue line).  
 
Figure 24. P01 station data (black dotted line) plotted against model results 
(blue line). 
VI. CONCLUSIONS AND ON-GOING WORK 
The model has been proved to provide robust predictions 
of wind waves regimes in three different regions of the world. 
The model has also highlighted the limitation of using 
regional models for predicting tide fluctuations which 
requires the use of a global evolution model, as the processes 
involved evolve on a global scale (see twin paper by Saillour 


















   
 
                      















                      

















   
 
                      















                      

















   
 
                      















                      

















   
 
                      















                      
      
     
     
     
    
    




   
  
   
  
 
                      
      
     
     
     
    
    




   
  
   
  
 
                      
      





This research is being carried out as part of the 
SmartWave Project, funded by Regione Sicilia within the 
POR2014/20 EU framework. 
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